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APT CRYOMODULE ASSEMBLY .
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B. Campbell, K.C.D. Chark. Newmari and R. Valicenti
Los Alamos National Laboratory

Abstract

The cryomodule for the APT f=0.64 high-energy
accelerator incorporates either two or three radio-frequency
cavities, two sets of magnetic shields, one active heat
shield, multi-layer insulation blankets, cryogenic
plumbing for the shields and cavities, power couplers,
cavity spokes, and cavity frequency tuners. Maintaining
cavity cleanliness is the most important aspect of the
cryomodule assembly. The clean assembly of the
cryomodule is performed in a class-100 clean room. The
final assembly, such as tungsten inert gas welding used to
join the cryogenic plumbing, is performed in a controlled
environment. To address overall design concerns and
assembly issues early in the design process, a full-scale
mock-up of the entire cryomodule was fabricated. The
mock-up also enabled us to determine the effect of the
magnetic shielding and provides a clear representation of
the problems that exist. In this paper we describe the
assembly process and the benefits the mock-up has
provided.
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Figure 1. The =0.64, two-cavity ED&D cryomodule.

1 INTRODUCTION

cryomodule beforghe real one would befabricated.This
mock-up wouldallow designersand engineers toreview
their designs in a full-scalanodel before they are
implemented later. Th@=0.64 engineeringlevelopment
and design (ED&D) cryomodule design ishown in
Figure 1. The mock-up was modeled around this design.

2 CRYOMODULE/MOCK-UP DESIGN

This section willdescribethe current cryomodule design
(shown in Figure 1) and how that design is modeled in the
mock-up assembly (Figure 2).

Figure 2. The =0.64, two-cavity cryomodule
mock-up.
2.1 Vacuum Tank

This vacuum tank uses the sadesign approach ahat

used inthe CERN-LEPwrap-up cryomodule[1],[2]. The
approachmaximizes accessibility to the cryomodule. The
CERN-LEP wrap-up design has ofieed stave onwhich

all of the penetrations to the cryomodule are mounted. The
stave iswelded ateachend to the vacuum vessel end
bulkheads. The vessel is sealed to the atmosphere using an

When the design ofthe superconducting accelerator waslastomer O-ring. Removable staas addedaround the

initiated for the APT program, theryomodule stood out
as one of the important building blocks. Succeskiture
of the acceleratordepends orhow well the cryomodule
performs. Engineersgecided tobuild a mock-up of the

circumference ofthe vessel tdkeepthe thin cover from
collapsing. A thin stainless steebver iswrapped around
the vessel covering the O-ring. Bucklesith one end
mounted to thecover and the other to the stave, are
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tightened, causing the cover to compress the O-ring. Thike mock-up cavity assembliese constructedut of a

design has worked very well, providing maximum
accessibility to the cavities inside when themovable

combination of aluminium and wood. This assembly only
representsthe outer contour of the helium vessel and

staves are removed. APT adopthis approach because of cavity, including the tuner mechanism. The eidisigonal

the accessibility to the cavities and the suc€&SBN has
had with the design.
There are some differencesbetweenthe CERN and

spokes are included and are mocked-up using threaded brass
rod,

LANL design approaches. The CERN cryomodule has ode4 Power Coupler

power coupler pecavity, whereasAPT will have two.

The CERN power coupler penetrates the ugpedrant of
the cryomodulethrough the onlypermanentstave. The
two APT couplers are on opposié@es ofthe cavity and
are on the horizontal plane. Thisquiresthe APT vessel
to have 2 permanent staves. The thin stainless cteet

is split into two pieces, one on top as shown in Figure

and one on the bottom. TwseparatéD-ring grooveswill
be machined into the vessel.

The APT cryomodule vacuumank will have a top
opening that will be approximately 12®f the circular
annulus. A similadarge opening will be in thebottom.
This provides excellent accedsr assemblyand laminar

airflow in the cleanroom. This is shown in Figure 1

where the structural paneand vacuum skinare raised
aboveand the magnetic heat shieldsd the multilayer
insulation are removed. This design also enableseasy
cleaning of the vacuum taritefore it is movednto the
clean room.

The main vacuum vessel of the mock-up amsicated
out of 6061 aluminiumand maintains the sammaterial

The APT power couplersare designed to deliver a
maximum of 250 kW per coupler to the cavity [#here
are two couplers per cavity. A WR1500 waveguide section
is transitioned to a codine. Therewill be two coaxial
windows in the line to make thair-to-vacuumtransition.

he coax line will go through a right-angle transitiomo

e power coupler. The power coupler is a coaxial line
with the outerconductor fabricatedrom copper-plated
stainless steel. The inneonductor is fabricated from
oxygen-freecopper. The assembly supported from the
cryomoduleusing a flexure, which constrains thait in
five degrees of freedonThe transversedirection isleft to
permit contraction during cool-down.

The mock-up power coupler outezonductors are
modeled from acrylicubing. One station isclear to view
the internal components. All vacuum flangee commer-
cially available ConFlat-typdnife-edgeseals. Thegate
valves and turbo pumps are of wood.

2.4 Magnetic Shielding

thicknessand sizes as the actual design, which is 31®wo layers of 1-mm-thick Amumetal (80% nickel high-

stainless steel plate. It Isarely tackweldedtogether for
structural integrityand, therefore, iqiot intended to be
vacuum leak-tight. Thigepresentsthe overall design,
including the vacuum-sealing techniquesed onthe large
top and bottom openings.

2.2 Support Stand
The supportstand isfabricatedout of 8-inch-square5061

permeability shielding alloy) have be@ssembled inside
the vacuum tank teeducethe effect of external magnetic
forces. This shielding iscylindrical, and one layer is
placed just inside the vacuum tank ID (43 inclBswith
the secondayer mounted ovethe thermal shielding at a
@ of 37 inches. Thigprovides an approximate space of 3
inches between the layers and reducesthe internal
permeability to well below the required 10 milligauss.

aluminium tubing with 0.18-inch wall thickness. The

overall dimensionsare the same as theeal stand, but

unlike the final design in that total weight of theck-up
is approximately 3,00@oundscompared tothe approxi-

3 ASSEMBLY PROCEDURE

The assemblyprocedurefor the cryomodule is complex

mate 10,000-pound weight of tireal cryomodule. The and important. Having the mock-up greatlgnables
mounting legs havéeenreplacedwith heavy-duty casters visualization of thisentire processindallows for testing

for ease of movement.

2.3 Cavity and Helium Vessel

The APT 5-cell,=0.64 cavity isfabricatedfrom RRR
(ResidualResistivity Ratio) 250 niobiunfor the cavity

and developing theseprocedures.The superconducting
cavity is extremely sensitive to dustdany type ofcon-
tamination on its interior surfac&hereforethe assembly
of the cavityandits components must b#one in a very
cleanenvironment. A class-1068leanroom will be used

cells and RRR 40 niobium tubing for everything else [3for assembly. To minimize the number of components to

The two ends of the cavity, as well as all pgnstruding
from the beamtubes, have stainless steel Co%lﬂbzuges
brazed tothem. A titaniumliquid helium vessekencloses

e brought into theleanroom, the assembly idivided
into two phases. The first phase, thiean assembly,
includesthe components thahave to be assembled in

the cavity to provide the 2.15 K environment in which th@rder to seal the cavitfOnce sealedzontaminantsannot

cavity will operate. Eacltavity assembly issupported

enter the cavity. The cavity can thentbeved outside the

with eight diagonalspokes from the vacuum vessel wall¢léan room into phase 2 of the final assembly. The



remainder ofthe equipmentwould then be installed REFERENCES

without concern for contaminating the cavity. _
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3.1 Clean Assembly

has beendemonstrated orthe mock-up. Themock-up 1999).

clearly shows that it is impossible t@pproach the [5] E.Newman, "APT Cryomodule Assembly Process and
vacuum tank from either side. The location of fhver Mock-Up Model," for PAC99, New York City (March
couplers in the APTesignblocks access tdhe center of 1999).

the cryomodule. The mock-up shows the need for a tool to
support the vacuum vessel. It alpmvides access from
underneath.

3.2 Final Assembly

Final assembly of two magnetic shields, amive heat
shield, multi-layer insulation blankets, extensieeyo-
genic plumbing, and remaining componentare then
installed outside theleanroom. Thepower couplers do
not allow access to the cryomodule durthgs process. A
rotating fixture wagdeveloped sahe cryomodule can be
rotated 90 to allow access to the center (Figure 3).
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Figure 3. Rotating assembly fixture.

4 CONCLUSION

One never appreciates the value of a mockHofil after it
has been built. It is a very usefahdinexpensive tool for
evaluatingideas anddesigns. It is also very useful as a
tool to aid others in visualizing the concepts being
proposed by the designers and engineers.

By highlighting shortfallsearly in the fabrication
cycle, it helps prevent schedule delays caused by redesign.
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